TITLE: MESA-OXIDE J^OLATION AND MESA-OXIDE GUARD RING 
ISOLATION METHODS ON COMPOUND SEMICONDUCTOR DEVICES 
AND CIRCUITS 
BACKGROUND OF THE INVENTION 

The present invention relates to an isolation 
technology using mesa-oxide isblation ^nd mesa-oxide 
guard ring isolation methods for semiconductor electric 
circuits. The mesa-oxide isolation and mesa-oxide $uard 
ring isqlation methods significantly reduce leakage 
current and improve breakdown characteristics. 

Referring to FIG. 1, a conventional mesa wet etching 
method comprises the following steps: 

e^itaxy^ placing a wafer in a metalorganic chemical 
vapor deposition (MOCVD) system or a molecular beam 
epitaxy (MBE) system to grow an epitaxial layer on a 
surface of the wafer, 

spinning photo-resist: spinning photo-resist on an 
upper surface of the epitaxial layer, the photo-resist 
is an acid-resistant photosensitive resin which is 
solidified tfy a ultraviolet ray, 

exposing and developing: exposing the wafer under a 
light to print electric circuit pattern On a masking ahd 
soaking the wafer in a developing solution to solve and 
remove the photosensitive resin, 

etching; a portion of the epitaxial layer is removed, 



removing photo-resist: the photo-resist which is not 
exposed to the light is removed to form a mesa on the 
upper Surface of the **afer, 

metalization: depositing metal connections on the 
mesa and the wafer. 

However , a leakage current will occur while the 
mesa sidewall contacts the metal connections . 

Referring tt> FIG. 2, a conventional ion implantation 
methdd comprises the following steps: 

epitaxy: placing a wafer in a metalorrgahic chemical 
vapor deposition (MOCVD) system or a molecular beam 
epitaxy (MBE) system to grow an epitaxial l^yer on a 
surface of the wafer,- 

Spinning photo-resist: spinning photo*- resist on an 
upper surface of the silicon oxide film, the photoresist 
is an acid-resistant photosensitive resin which is 
solidified by a ultraviolet ray, 

exposing and developing: exposing the wafer under a 
light to print electric circuit pattern on a masking and 
soaking the wafer in a developing solution to solve ahd 
remove the photosensitive resin, 

ion implantation: ion- implanting the epitaxial layer 
on the alrea without the photo-resist, 

removing photo-resist: the photo-resist which is not 
exposed to the light is removed to form a mesa on the 



upper surface of the wafer, 

metalization: depositing metal connections on the 
mesa and the wafer. 

The ion implantation method prevents tfie wafer' from 
contacting the metal connections efficiently, but it is 
expensive to use the ion implantation method. 

Referring to FIG. 3, a conventional wet oxidation 
method comprises the following steps: 

epitaxy: placing a wafer in a metalorganic chemical 
vapor deposition (MOCVD) system or a molecular beam 
epitaxy (MBE) system to grow an epitaxial layer on a 
surface of the wafer, 

spinning photo-resist: spinning pkoto-resist on an 
upper surface of the epitaxial layer, the photo-resist 
is an acid-resistant photosensitive resin which is 
solidified by a ultraviolet ray, 

exposing and developing: exposing the wafer under a 
light to print electric circuit pattern on a masking and 
soaking the wafer in a developing solution to solve and 
remove the photosensitive resin, 

growing a thick oxide layer: growing a thick oxide 
layer on the area of the epitaxial layer without photo- 
resist by soaking the wafer in a chemical solution, 

removing photo-resist: the photo-resist which is not 
exposed to the light is removed to forni a mesa on the 



upper surface of: the wafer, 

metal izat ion: depositing metal connections on the 
mesa and the wafer. 

However, it is difficult to increase the oxide layer 
to th£ height of the mesa. Thus a leakage current will 
occur while the mesa contacts the- metal connections. 
SUMMARY OF THE INVENTION 

The main purpose of the present invention is to apply 
a mesa-oxide isolation method to compound diodes, MESFETs, 
HFETs, JIEMTs, PHEMTs, MHEMTs, HBTs, and MMXCs . The mesa- 
oxide isolation method cah be implemented on the waters 
prepared by ion implantation, metalorganic chemical vapor 
deposition (MOQVD), or molecular beam expitaxy (MBE). 
Since the^ oxide layer grown after mesa etching by soaking 
in diluted HNO3/NH40H solution before remoying mesa 
photo-resist, the metal connections were not directly 
contacted with the doping layers 6f devices. This method 
will solve the breakdown problem of the conventional 
mesa technologic by wet etching. Therefore,- the heavily 
doped layers can be used In compound devices to improve 
theJDC and RF performances. 

Another purpose of the present invention is to 
utilize additional w£t etching or plasma etching litho- 
graphy processes to implement the mesa-oxide guard ring 
fomations. 



The present invention attempts to solve the breakdown 
problem caused by mesa isolation technologies, the oxi- 
dation technical issue of wet oxide isolation technologies, 
and the cost of using ion- implantation isolation tech- 
05 nologies. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

FIG, 1 is a schematic diagram showing a process of 
p" a conventional mesa wet etching method of the ^prior artr 

IS FIG, 2 is a schematic diagram showing a process of 

s J. 10 a conventional ion implantation method of the prior art; 

FIG. 3 is a schematic diagram showing a process of 

I a conventional wet oxidation method of the prior art; 

\S . 
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Jjj FIG. 4 is a schematic diagram shewing a process of 

H a mfesa-oxide isolation method in accordance with tlie 

a 

fjj 15 present invention; and 

FIG. 5 is a schematic diagram shbwifrg a process of 
mesa-oxide guard ring isolation method in accordance with 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
20 Referring to FIG. 4, a mesa-oxide isolation method 

comprises the following steps: 

epitaxy; placing a wafer in a metalorganic chemical 

vapor deposition (M0CVb> system or a molecular beaih 

epitaxy (MBE) system to grow an epitaxial layer on a 
25 surface of the wafer, 
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spinning photo- resist: spinning photo-resist on an 
upper surface of the epitaxial layer, 

exposing and developing: exposing the wafer todfer a 
light to print electric circuit pattern on a masking and 
soaking the wafer in a developing solution to eplve and 
remove the photosensitive resin/ 

etching: a portion of the epitaxial layer is removed, 

growing a thin 02?:ide layer: growing a thin oxide 
layer on the area of the epitaxial layer without photon 
resist by soaking the wafear in a chemical solution, 

removing photo- resist : the photo-resist which is not 
exposed to the light is removed to fdriri a mesa on the 
upper surface of the wafer, 

metalization: depositing metal connections on the 
mesa and the wafer. 

The mesa-oxide isolation (MGI) method is superior 
to the conventional mesa isolation to reduces the 
leakage current significantly and to improve breakdown 
characteristics . 

The mesa-oxide isolation (MOI) method is superior 
to the conventional wet oxidation method, because it is 
easy to grow a thin oxide layer. As we know, it 
is difficult; to grow a thick oxide layer by the wet 
oxidation* 

Referring to FIG. 5, a mesa-^oxide guard ring iso- 



lation method comprises the following steps: 

epitaxy: placing a wafer in a metalorganic chemical 
vapor deposition (MOCVD) system or a molecular beam 
epitaxy (MBE) system to grow an epitaxial layer on a 
surface qf the wafer, 

spinning the first photo- resist: spinning the first 
photo-resist on an upper surface of the epitaxial layer, 

exposing and developing at the first time: exposing 
the wafer under a light to print electric circuit pattern 
on a masking and soaking the wafer in a developing 
solution to solve and remove the photosensitive resin, 

etching at the first time: a portion of the epitaxial 
layer is removed, 

growing a thin oxide layer: growing a thin oxide 
layer on the area of the epitaxial layer without photo- 
resist by soaking the wafer in a chemical solution, 

removing photo- resist at the first time: the photo- 
resist which is not exposed to the light is removed to 
form a mesa on the upper surface of the wafer, 

spinning the Second photo- resist: spinning the second 
photo-resist on an upper surface of the epitaxial layer, 

exposing and developing at the second time: exposing 
the wafer tinder a light to print electric circuit pattern 
on a masking and soaking the wafer in a developing 
solution to solve and remove the photosensitive resin, 



etching at the secbnd time: a portion of the thin 
oxide layer is removed, 

removing photo-resist at the sepbnd t^me^ the photo- 
resist which is ^not exposed to the light is removed tQ 
form a mesa on the upper surface of the wafer and to form 
an oxide ring on the surrounding of the mesa, 

metal izat ion: depositing metal connect ioris on the 
mesa and the wafer. 
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